Introduction
Of the assumptions commonly used in continuous infection models, the least likely to be even approximately true in large populations, is that of homogeneous mixing. In this paper, we investigate a model for the spread of infection amongst a population which is divided into classes, such that the individuals of each class mix homogeneously amongst themselves, but mix to a lesser degree with individuals of other classes. A class could be thought of either as a group of friends or associates, or as a collection of individuals in a certain region of the community.
An assumption of this kind appears to be a quite realistic substitute for the homogeneous mixing assumption. That such a model is appropriate is also suggested by observed epidemic behaviour. It is known that epidemics in large populations can often be broken down into smaller outbreaks which are in general not in phase, and which interact with each other to some extent, as envisaged in the present model.
Simple models of this kind have been put forward by Haskey (1957) , who studied the case of a simple epidemic (i.e., no removal) in two classes, and Rushton and Mautner (1955) who studied the case of a deterministic simple epidemic in m equivalent classes. Also, Bailey (1957) made mention of the possibility of such a model, and Bartlett (1957) simulated a recurrent epidemic model using a similar assumption.
Although the primary purpose of this model is to provide an alternative to the homogeneous mixing assumption, non-homogeneous behaviour with respect to the infection may also be taken into account. Thus, for example, this may be useful in dealing with the case of a community which includes a region, such as a slum area, the individuals of which, for some reason or other, are more prone to infection.
Further, by suitable amendment of the interpretation given to the parameters, the model can be used to describe another important situation: that of a population consisting of a number of distinct types of individuals exhibiting differing susceptibility and rates of recovery. The division of the population into age groups is a possible classification for which the model is applicable.
As is perhaps to be expected, the resulting stochastic model presents as yet insurmountable difficulties, but nevertheless, some useful results can be obtained by means of approximating processes.
Definition of the model
We consider a population of size N, divided into m distinct classes or sub- It should be noted that p,, = 1 gives homogeneous mixing, while p,, = 0 gives m completely separate populations. Thus, the process under consideration is bounded by these two known extremes. We will consider in some detail the case of equivalent classes, for which we have It is known, e.g., Karlin ((1966), ch. 7), that Y,(t) becomes extinct with probability equal to Po = min{1,(y/pQNo)Y"U()}; and this corresponds to early extinction of Y(t), i.e., a minor outbreak. Otherwise, Yu(t) explodes, corresponding to a major outbreak. Thus, as might be expected from (9), we find a threshold such that a major outbreak is possible only if fQNo > y. But, the nature of this outbreak has yet to be specified. It is to be expected that if q is large, the outbreak will include a majority of the classes, while if q is small, only a few of the classes will be affected; assuming the outbreak to be initiated from only one of the classes. So, we now envisage three types of outbreak: localized outbreak -minor outbreak in initially infected class; restricted outbreak -major outbreak in a few classes; generalized outbreak -major outbreak in most classes. Which one of these types of outbreak will be exhibited is dependent on the parameters of the model. Figure 1 indicates the probability of the three types of outbreak, as a function of 0 = PNo/ly. Further we expect that 02 -01,, PG 1 except when q is small. We approximate to PG, 02 in this case below.
The class to class spread of infection, when q is small, may be approximated by a model similar to one considered by Daley (1967) . This model may be described as follows. A class, once infected, remains infective for a random positive time, at the end of which the infection is transmitted to a number of other classes, each of which have a probability p of being contacted. A susceptible class becomes infective with probability n after contact, while any infective or removed class contacted is unaffected.
Here, we apply the following interpretations. 
